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Abstract
Evolutionary perspectives have yielded profound insights in health and medical sciences. A fundamental recognition is that modern diet and lifestyle practices are mismatched with the human physiological constitution, shaped over eons in response to environmental selective pressures. This Darwinian angle can help illuminate and resolve issues in nutrition, including the contentious issue of fat consumption. In the present paper, the intake of saturated fat in ancestral and contemporary dietary settings is discussed. It is shown that while saturated fatty acids have been consumed by human ancestors across time and space, they do not feature dominantly in the diets of hunter-gatherers or projected nutritional inputs of genetic accommodation. A higher intake of high-fat dairy and meat products produces a divergent fatty acid profile that can increase the risk of cardiovascular and inflammatory disease and decrease the overall satiating-, antioxidant-, and nutrient capacity of the diet. By prioritizing fiber-rich and micronutrient-dense foods, as well as items with a higher proportion of unsaturated fatty acids, and in particular the long-chain polyunsaturated omega-3 fatty acids, a nutritional profile that is better aligned with that of wild and natural diets is achieved. This would help prevent the burdening diseases of civilization, including heart disease, cancer, and neurodegenerative conditions. Saturated fat is a natural part of a balanced diet; however, caution is warranted in a food environment that differs markedly from the one to which we are adapted.
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Introduction
Saturated fat has incited significant controversy in the nutrition community. A longstanding notion is that a high intake of saturated fatty acids (SFAs) increases low-density lipoprotein cholesterol (LDL-C) and heart disease risk; however, this position has been challenged by studies finding no conclusive evidence of such an effect [1–4]. The discrepancy has given rise to opposing views and discussion, both in the scientific literature and popular press [5–9].
Ascertaining what constitutes an appropriate nutrient intake level is important for a number of reasons, such as setting healthful dietary guidelines, advising individuals, patients, and groups, and communicating sound nutrition advice to the public. At present, dietary guidelines commonly recommend limiting the intake of SFA-rich foods and the energy contribution from saturated fat to less than 10% of total calories [10–13]. It is the official policy in the United States, Australia, and many European nations, as well as of the World Health Organization (WHO). The controversy that has arisen over saturated fat and its role in a healthy diet propagates some doubt as to the validity of the recommendation, highlighting a need for scientific scrutiny.
Much of the work in the area has focused on investigating the physiologic effects of dietary components. While necessary, this research is limited in scope and liable to yield some inconclusive and contradictory results, due to variations in study design, methods, and samples, confounding variables, uncertainty regarding risk markers, and the length of time it takes for major disease to develop, among other factors. An evolutionary perspective can supplement and clarify the data derived from other methods by providing insights into the food types and nutrient intake levels that were characteristic of the human past, and hence, that are likely to be suitable for the evolved human biology.
Like other organisms, Homo sapiens have adapted to environmental circumstances and exposures over time, through natural selection. This Darwinian concept, central to evolutionary biology and medicine, has been invoked to explain the rise of various diseases and health disorders in contemporary societies, including, but not limited to, obesity, acne vulgaris, heart disease, cancer, and diabetes [14–20]. A mismatch between current dietary practices and those to which we are accustomed, is a core issue [14–20].
Previous scientific publications have discussed how changes in dietary FA profile have contributed to the discordance [21–24]; however, to this author’s knowledge, no published paper has specifically and broadly reviewed saturated fat in an evolutionary context. In the present consideration, dietary SFA sources, yields, and effects are presented and discussed.

Considerations
Sources
Rich sources of SFAs in contemporary diets are fatty domesticated meats, high-fat dairy products, coconut oil, cocoa butter, palm oil, and highly processed foods containing one or more of these ingredients (e.g., chocolate) (Fig. 1). None of these were available to human hunter-gatherer (HG) ancestors, and hence, were not a part of the diets that exerted selective forces on the human genome over millions of years prior to the agricultural and industrial revolutions [25–27]. Of the foods that are presently consumed, meats and dairy products are major sources of SFAs.
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Fig. 1Saturated fatty acids in selected foods. Values are for raw (uncooked) products. A: Grams of saturated fat per 100 g of the foods. B: Saturated fat as a percentage of the total fat content. Values for all foods are derived from official nutrient tables [28], except those of marrow and brain, which are from fatty acid analyses of wild ruminant tissues [29]. *Rear metatarsal bone marrow and homogenized brain. Fat content of the tissues vary. The values in A are based on a medium fat percentage of 70% (of total weight) in the marrow, and 60% in the brain


Meats
Meats have long been a part of the human dietary constitution, with a larger contribution tracing back 2–3 million years [30–32]. Meats consumed were of the wild type, which are generally lean compared to more novel varieties sourced from domesticated animals [29, 30, 33]. Excess dietary carbohydrate from hay and grain-feed is transformed through ruminal fermentation, yielding short-chain fatty acids, and through de novo lipogenesis, yielding mostly palmitic acid (PA) (C16:0), which can be desaturated, elongated, or stored, promoting lipid accumulation in livestock. Wild game meat generally contains a higher proportion of unsaturated FAs (UFAs) [29, 33]. In a 2002 analysis, it was found that grain-fed beef contains 2–3 times more absolute saturated fat and 3–4 times less n-3 polyunsaturated FAs (PUFAs) than game meat [29]. In grass-fed beef, the saturated fat content is not as high, and the n-3 PUFA content is higher than in grain-fed beef, but still significantly lower than in game meat [29, 34].
In nature there is significant variation, with some wild animals depending on increased adiposity for insulation or surviving hibernation, migration, and/or food fluctuation [35]. Animal parts also vary in their fat content. Optimal foraging theory dictates that naturally living humans of the past sought to obtain the maximum number of calories for the energy they expended, implying a preference for lipid-rich sections. One such option is marrow, which was undoubtedly exploited by human ancestors and may have been a significant energy source in the ancestral human HG niche. The fatty acid composition of marrow varies between species and animals, as well as locationally within each animal, but tends to be dominated by monounsaturated FAs (MUFAs), chiefly oleic acid (OA) (C18:1), followed by SFAs mostly in the form of PA (C16:0) and stearic acid (SA) (C18:0) [29, 36–38]. The degree of unsaturation increases distally (e.g., from the proximal femur to the metatarsus), with MUFA percentages from 40 to 75% of total fat reported in different skeletal sections [29, 36–38]. Availability of fat-rich animal parts can vary across the seasons, with higher animal body fat percentages seen during foliage-rich summer and fall than late winter and spring [39], and would have depended on large game hunting and scavenging opportunities and success.

Dairy
Early evidence of dairy consumption traces back approximately 6000–7000 years [40–42]. Prior to the cultivation of livestock, humans may only have sporadically ingested the milk of other mammals, as part of hunting and eating such prey. The intake must have been limited, both due to low accessibility and digestibility. In the absence of lactase enzymatic capacity, milk consumption results in gastrointestinal distress, such as bloating and diarrhea. The severity of the symptoms depends on the amount consumed and the degree of small intestinal lactase deficiency, as well as gut microbiota composition [43, 44]. With the advent of dairy farming and availability of non-human animal milk, lactase persistence alleles increased in frequency in certain parts of the world [45, 46], allowing for more unrestrained consumption of milk and products derived from it.
Milk is a complex fluid, consisting of a variety of special growth regulators and factors (e.g., microRNAs, estrogen) [47–49], in addition to common vitamins, minerals, and macronutrients. The composition varies from species to species, as well as inter-individually, depending on genetics, diet, and other factors, and across the lactation period [47, 50, 51]. Human breast milk, consumed by the suckling infant, has mean values of 42.2% SFAs, 36.6% MUFAs, and 21.1% PUFAs across worldwide studies, with OA (C18:1) being the most abundant FA, followed by PA (C16:0), together making up ∼70% of a mean total fat content of 3.40 g per 100 ml [52]. Ancestral compositions may have been somewhat similar, but affected by maternal FA profiles and intakes. Cow’s milk, which is more generally and most regularly consumed by contemporary humans in western countries, consists of approximately double the amount of saturated fat relative to unsaturated fat, with PA (C16:0) being the predominant FA [53, 54]. This composition is reflected in the profile of milk-originating products such as butter, cheese, and cream [55–57].


Yields
SFA intakes vary widely across the globe, from a few percentages of the total energy intake to more than 25% [58, 59]. In the United States, saturated fat contributes on average approximately 12% of total calories, according to National Health and Nutrition Examination Survey (NHANES) data from 2017 to 2020 [60]. In almost all European countries, intake estimates exceed 10%, with means ranging from 9 to 19%, the bulk of the contribution coming from meats, dairy, and fats and oils [61, 62]. A backdrop for these values has emerged through research on evolutionary intakes.
HG intakes
In their original and seminal 1985 paper on Paleolithic nutrition, Eaton and Konner estimated that Stone Age HGs consumed more PUFAs than SFAs, with the opposite being true for the American diet, which contained more than twice as much of the latter [25]. In subsequent publications, they have updated their nutritional considerations on the basis of new data and insights, but maintain that HG FA profiles feature most of the unsaturated types, with relatively high intakes of n-3 PUFAs [26, 63, 64]. In 2010, Kuipers et al. analyzed the likely FA composition of East African Paleolithic diets with different food combinations [65]. They proposed and emphasized a greater contribution of aquatic food resources relative to terrestrial ones, raising the levels of marine fats, but also included other subsistence models in the analysis. As for the percentage of total calories derived from SFAs, estimates generally range from 6 to 12%, depending on plant/animal subsistence ratio, the types of plants and animals consumed, and eating behavior [21, 23, 65, 66]. Assuming an energy intake of 3000 kcal/d (12552 kj/d), which may approximate anatomically modern human male HG energy requirement [67], 6 to 12 E% from saturated fat amounts to 20 to 40 g/d.
Consumption of significant amounts of meat, and in particular the most fat-rich animal parts, results in higher fat and SFA intakes relative to more plant-based menus. In a book chapter on the subject, Loren Cordain arrived at a moderately high estimate (14.5 E%) assuming a predominant energy contribution from animal source foods (55 E%), protein (26 E%), and fat (46 E%) [68]. Other authors have argued for a more prominent role of carbohydrate-rich plant foods (e.g., tubers) and honey in current and prehistoric HG diets [25, 69–71]. In addition to providing glucose for oxidation and glycogen, dietary carbohydrate would have been a potential substrate for hepatic, adipocytic, colonic, and mammary SFA generation (Fig. 2). The rate of transformation would particularly have depended on total intakes, activity level, and meal pattern. In the case of relative energy balance, but with intermittent periods of food depletion and subsequent acquisition through movement, intrinsic to self-sustaining lifeways in ancestral natural environments [72, 73], some fat could have been produced and stored in the absorptive and post-absorptive phase, and then utilized as FAs and ketones in the fasted state.
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Fig. 2Primary sources of saturated fat in the human organism. SFA = saturated fatty acid. Short-chain: ≤6 carbon. Medium-chain: >6, ≤ 12 carbon. Long-chain: >12 carbon. Information on chain-lengths is from published works on endogenous generation in different tissues [74–77]


There may have been some intake differences between the sexes and/or age groups, depending on community roles, dispositions, and food procurement (e.g., hunting vs. gathering) and consumption practices. In contemporary societies and groups, a greater male than female preference for meat has frequently been reported, with women showing a comparably greater appetite for vegetable foods [78–81]. During lactation, female energy requirements are elevated, with both exogenous and endogenous FAs capable of contributing to milk lipids. Breast milk is the natural sole or majority nutrition for very small children, with a mean lactation duration per birth of 2.9 years reported in some recent and current HG groups [82]. The characteristics of these patterns in past societies would have affected intra-group and inter-individual macronutrient intakes.
Precise nutrient intake values are difficult to obtain for communities with a sole or predominant hunting and gathering subsistence economy, due to seasonal variation, eating out of camp, and insufficient data on wild food nutrient composition. However, inferences and rough estimates can be made from general nutritional data and knowledge. Major types of foods consumed include wild berries, fruits, roots, honey, meats, seafood, nuts, seeds, and certain legumes [25, 64, 69, 83]. These nutrient resources contain low to moderate amounts of SFAs compared to denser sources such as bacon, butter, ghee, cream, cheese, and sausages. 50 g of each of the penultimate two foods, together with 200 g of the ultimate, can singlehandedly provide upwards of 35 g of saturated fat (> 10 E% on a 3000 kcal diet) [28], an intake level that is much harder to attain through the ancestral sources, in that it mostly requires vastly greater quantitative consumption. If fatty food types (e.g., marrow, brain, lipidous seafood) are sought and obtained, SFA intake will rise more rapidly than if leaner meats and vegetable foods are exclusively or mostly consumed, but due to the comparably greater concentration of UFAs than SFAs, the overall fatty acid profile will feature more MUFAs and PUFAs than if atypically SFA-rich dairy foods and meat cuts from modern domesticated animals are taken in. An example is shown in Table 1. Insects is an ancient source of nutrition that sometimes contain significant amounts of SFAs; however, they are generally not consumed in large quantities, as staple foods. Furthermore, they tend not to contain disproportionate amounts of SFAs relative to MUFAs and PUFAs. An overview is provided in Table 2.
Table 1An example of animal food combinations that provide > 10% energy from saturated fat on a 3000-kcal diet


	Modern foods
	Amount
g
	SFAs
g (%)
	MUFAs 
g (%)
	PUFAs 
g (%)
	Ancestral foods
	Amount 
g
	SFAs 
g (%)
	MUFAs 
g (%)
	PUFAs 
g (%)

	Sour cream 
(Cow)
	100
	22.2 (70.7)
	8.4 (26.7)
	0.8 (2.6)
	Brain
(Antelope)*
	100
	19.4 (39.7)
	16.1 (33)
	13.3 (27.3)

	Yoghurt 
(Cow)
	100
	2.2 (71)
	0.8 (25.8)
	0.1 (3.2)
	Marrow 
(Deer)*
	100
	15.8 (24)
	46.1 (70)
	4 (6)

	Sausages 
(Swine and cattle)
	100
	6 (38)
	7.6 (48.1)
	2.2 (13.9)
	Steak 
(Elk)
	100
	0.4 (36.4)
	0.4 (36.4)
	0.3 (27.2)

	Minced meat
(Sheep)
	100
	6.7 (55)
	4.9 (40.1)
	0.6 (4.9)
	Liver
(Reindeer)
	100
	1.3 (44.8)
	0.7 (24.1)
	0.9 (31)

	Total
	400
	37.1 (59.4)
	21.7 (34.7)
	3.7 (5.9)
	Total
	400
	36.9 (31.2)
	63.3 (53.4)
	18.2 (15.4)

	% of 3000 kcal
	 	11.1
	6.5
	1.1
	% of 3000 kcal
	 	11.1
	19
	5.5


SFAs = saturated fatty acids. MUFAs = monounsaturated fatty acids. PUFAs = polyunsaturated fatty acids. Values for all foods are derived from official nutrient tables [28], except those of marrow and brain, which are from fatty acid analyses of wild ruminant tissues [29]. *Rear metatarsal bone marrow and homogenized brain. Fat content of the tissues vary. The values are based on a medium fat percentage of 70% (of total weight) in the marrow, and 60% in the brain. Note that the percentage values within each fatty acid class for each food are calculated from the totaled SFA, MUFA, and PUFA contents. Other lipids that may exist in the foods are not included



Table 2Fat content of different food types


[image: ]
SFA=saturated fatty acid. MUFA=monounsaturated fatty acid. PUFA=polyunsaturated fatty acid. Low: < 3 g per 100 g. Medium: 3–10 g per 100 g. High: > 10 g per 100 g. Yellow to orange represents the typical content for the food group, with stronger color for higher contents. Pink represents the typical ratio for the food group, with stronger color for higher ratios. When multiple colors are seen, the content or ratio is more variable and spans several areas. Purple represents some notable exceptions within each food group. Based on nutrient values from official food databases [28, 84]. Supplementary data: nuts [85], eggs [86, 87], seafood [88–90], meats [29, 33], insects [91–94], seeds [95, 96], mushrooms [97, 98], fruits [99], vegetables [100]




Temporal and spatial variation
Africa features prominently in hominin history, as the birthplace of humanity and a central site of the development of archaic species (e.g., Homo habilis, Homo erectus) and early Homo sapiens [101]. A much-studied indigenous population is the Hadza, who occupy parts of Northern Tanzania. Their native diet consists mainly of honey, berries, fruit, meat, and tubers [83, 102]. This constitution would be expected to yield moderately low total fat and SFA intakes. When honey is consumed with larvae, somewhat more lipids would be taken in. Based on collected dietary data, fat has been estimated to account for 13–36% of the total energy intake, with significant seasonal variation [83]. To which extent the current Hadza diet is representative of ancestral African intakes is uncertain. It probably features many of the same characteristics; however, changes in environment, culture, and lifestyle may have caused some alterations. This is true for all groups, and a limitation in terms of extrapolating characteristics of current communities to past ones. A possibility is that large game animals were more abundant in the past African landscape and diet than in the present and more depleted milieu. Low to moderate total fat and SFA intakes have also been reported for a variety of other groups, including, but not limited to, the !Kung, Tsimane, Aboriginals, and Yanomami [103–106].
Other populations have historically had a higher fat intake. The continued northward migration of Homo sapiens following the exodus from Africa would have engendered nutritional challenges in the form of colder climes. There is some uncertainty about the dietary characteristics of early Asian and European settlers, with scattered evidence for exploitation of different food resources, such as megafauna (e.g., mammoths) [107–109] and grasses (e.g., cereals) [110–112], at different sites. In the well-preserved juvenile Yuka mammoth, subcutaneous fat from the hind leg has been analyzed and calculated to have originally contained approximately 1/4 PA (C16:0) and SA (C18:0), combined, with the bulk of the rest of the FAs being MU and PU [113]. Similar values were obtained for frozen hind leg fat from ancient horses, whereas belly fats from bison were found to be more enriched in SFAs [113]. These types of fat deposits may have been significant energy sources in certain areas, particularly those in which plant growth and carbohydrates were less abundant.
More research is required to elucidate the diet composition of Cro-Magnon and other non-African human ancestors, as well as the nutritional biological imprint left on descendants. Falling temperatures and glacial expansion of the last ice age would have forced a greater reliance on animal source foods, particularly in northern areas and during parts of the year. However, there is evidence that various southern refugia functioned as a safe harbor for groups of humans that later went on to populate more northern areas of Eurasia as the temperatures rose following the last glacial maximum some 20.000 years ago [114, 115]. Moving further away from equator, to higher latitudes, correlates with increasing HG fat/carbohydrate ratio [116]. An extreme example is the Inuit, whose traditional diet consists mainly of animals, and in particular sea-dwelling creatures. While being high in total fat, much of the fat is of the unsaturated type, with high concentrations of the n-3 PUFAs eicosapentaenoic acid (C20:5) and docosahexaenoic acid (C22:6) found in Eskimo food [117, 118]. Another group consuming a higher fat diet is the Maasai, whose pastoral subsistence revolves heavily around meat, milk, and blood from herded animals [119]. The diet has been estimated to contain approximately 2/3 fat as a proportion of total calories, supplying fairly high amounts of SFAs [119].
Besides dairy and meats from livestock, coconut is a SFA rich food. In this regard, it is unusual among vegetable foods, which generally contain little saturated fat. In 1989 and into the 1990s, the late Swedish researcher Staffan Lindeberg conducted a survey of the health condition and diet of the Kitavan islanders in Papua New-Guinea. Among the foods consumed, coconuts contributed significantly to the overall diet, with the three other dietary staples being fruit, fish, and tubers [120]. A rough intake estimate of 40 g of daily saturated fat from coconut was made by Lindeberg et al., with saturated fat thus contributing approximately 17% of total calories [120]. The coconut, which also features in the diets of other equatorial groups, contains predominantly lauric acid (LA) (C12:0), as opposed to SFAs with a longer chain length, which are more concentrated in animal source foods. To which extent coconut was a part of humans’ ancestral nutritional matrix requires further investigation.


Effects
SFAs can be produced endogenously and are not considered essential nutrients to be ingested, as no minimal intake requirement or overt deficiency symptoms have been identified. This implies that Homo sapiens have not evolved a dependence on regular or high SFA consumption. However, it does not exclude the possibility that very low intakes can have undesirable effects, with some research emphasizing significant cellular and physiological roles of SFAs (e.g., pertaining to protein acylation, gene transcription, and PUFA bioavailability) [121, 122]. These functions can be maintained by lipogenesis from precursor material (e.g., glucose) catabolized to acetyl CoA; however, the production of certain SFAs, most notably myristic acid (MA) (C14:0), may be insufficient to completely meet demand. While noteworthy, and a potential issue in situations of long-term energy deficit and restrictive vegan dieting, the capacity for endogenous production, coupled with the widespread presence of SFAs across the plant and animal kingdom, make insufficiency unlikely in most cases. Rather than discovering and investigating deficiency existences and symptoms, research in the area has principally revealed and been concerned with potential adverse effects of saturated fat consumption.
LDL and cardiovascular disease risk
While certain studies have not found evidence of adverse cardiovascular effects [1–4], others do show unfavorable outcomes [123–126]. As an example of the former, a 2017 cohort study published in The Lancet found no association between saturated fat intake and major cardiovascular disease, myocardial infarction, or cardiovascular disease mortality among 135 335 individuals from 18 countries [127]. However, a 2020 updated Cochrane review of RCTs found evidence that reducing saturated fat intake for at least two years causes a potentially important reduction in combined cardiovascular events [124]. Studies attempting to ascertain the effects of specific food groups (e.g., dairy) and their fat also show some variation in reported cardiovascular outcomes [128–131].
The somewhat heterogenous findings in the area are connected to the intrinsic difficulty of accurately assessing the effects of particular nutrients and their sources on long-term health and disease outcomes. Much of the data comes from prospective cohort and other observational studies, which have major limitations compared to RCTs. There is a high risk of unmeasured and residual confounding, imprecise dietary data collection methods may be used, and a wide variety of foods are consumed by the participants. The impact of a lower intake of a particular food type or nutrient would be expected to depend on the nature of the replacement consumption, a facet that is both difficult to control and adjust for over the lengths of time leading up to cardiovascular morbidity and mortality. Hence, soft endpoints are frequently utilized as surrogates.
The effect of saturated fat on cardiovascular events is commonly attributed to LDL-C increases followed by accumulation in atherosclerotic plaque, arterial narrowing with decreased nutrient and oxygen passage, and thrombogenesis with concomitant risk of heart attack and stroke. A causal relationship between LDL-C and cardiovascular disease is appreciable from several lines of evidence [132, 133], making population lipoprotein data relevant to health and risk assessments. Contemporary Americans have total cholesterol (TC) and LDL-C levels greatly exceeding those of HGs and other free-living primates (e.g., baboons, monkeys) [134, 135]. In a 2004 analysis, the normal LDL-C concentrations of the latter were asserted to be in the range of 50 to 75 mg/dl, as opposed to approximately 130 mg/dl in the former [134]. Other known heart disease risk factors, such as high body mass index and blood pressure, are generally absent or negligible as well [14, 135, 136]. In the Hadza, superb markers of circulatory health have been reported [136, 137]. Excluding early deaths, and despite limited or no access to modern medical advancements, it is not uncommon for foragers to reach older ages, with a modal age of adult death of 65–75 years reported in the cross-cultural examination by Gurven & Kaplan [138], highlighting that the favorable characteristics are not due to a lack of elders.
Cholesterol values intermediate to those in HG communities and industrialized societies have been reported in horticultural, farming, and pastoral populations [15, 106, 120, 139, 140]. As compared to Swedes, Lindeberg et al. found that TC was lower for Kitavan males, as well as for women over 60 years of age [120]. There is evidence to suggest that the primary LDL-C-raising FAs are MA (C14:0) and PA (C16:0) [141, 142]. In a meta-analysis of 60 controlled trials, LA (C12:0) was found to predominantly raise high-density lipoprotein (HDL), which is involved in cholesterol efflux and removal to the liver [143]. In comparison to the Swedish reference sample, the LDL/HDL cholesterol ratio of the Kitavans was markedly lower in both men and women over 60 years of age, with no significant difference in the lower age brackets. The reported cholesterol values for this population are relatively high as compared to other preindustrial groups, but overall there was a striking absence of traditional cardiovascular risk factors [120, 144], accompanied by no detected cases of stroke or ischaemic heart disease [145]. To which extent non-dietary factors, such as routinely utilized tobacco, affected the lipid values and ratios, and if the Kitavans have genetically adapted to coconut fat, is uncertain.
The Tsimane, a Bolivian farming-foraging population that has recently been the subject of some research, have mean TC and LDL-C concentrations of 151 mg/dl and 91 mg/dl, respectively [139]. They have elevated C-reactive protein (CRP) levels, due to a high parasite burden, yet little coronary atherosclerosis [139]. Other groups with a mixed subsistence strategy, such as the Yanomami and Kren-Akorore Indians, exhibit even lower cholesterol concentrations, in the range seen in pure HGs [106, 146]. In that low range, the Inuit are at the higher end [134]. There have been ultrasonographic and autopsy reports of atherosclerosis both in the traditional Inuit and the Maasai, yet low rates of cardiovascular complications and mortality [147–149]. This points to physiologic mechanisms and/or lifestyle factors (e.g., high n-3 PUFA consumption, rigorous physical activity) exerting a protective influence. The Maasai show an unusual capacity for downregulating endogenous cholesterol synthesis in response to higher intakes [119]. They have relatively low mean TC of 135 mg/dl [140], as compared to values closer to or exceeding 200 mg/dl in industrialized countries like Croatia, Finland, Germany, Austria, Greece, Italy, Netherlands, and the U.S [150, 151]. The overall pattern is depicted in Fig. 3.
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Fig. 3Ranges and medians of mean circulating cholesterol values of different population types: Hunter-gatherer (Hadza, Inuit, Aborigines, Pygmy, San) [15, 134], Preindustrial (horticulturalists, farmer-foragers, and pastoralists) [15, 106, 120, 139, 140], and Western (United States, Canada, Australia, and Western European nations) [151]. Values are unadjusted for age and sex. When LDL cholesterol (LDL-C) measurements were not available, estimates were made on the basis of measured total cholesterol (TC). Hunter-gatherer LDL-C estimates are from O’Keefe et al. [134]. Preindustrial LDL-C range spans from 50% of the lowest TC measure of 100 (in the Brazilian Kren-Akorore Indians) to the measured LDL-C value of 135 in the group with the highest measured TC (the Kitavans in Papua-New Guinea). Western LDL-C values are all measured


Different factors can cause and contribute to cholesterol elevation, including obesity, physical inactivity, and cigarette smoking [152]. SFA consumption is also a relevant factor [123, 124, 143, 153, 154]. Replacing SFAs with UFAs lowers cholesterol [124, 154–157]. In a WHO systematic review and regression analysis of 84 studies with a randomized parallel or crossover design and thorough control of food intake, replacing 1 E% from SFAs with an equivalent amount of cis–PUFAs significantly decreased TC by 0.064 mmol/l (2.47 mg/dl) and LDL-C by 0.055 mmol/l (2.12 mg/dl) [156]. Replacement with cis-MUFA yielded slightly lower reductions, of -0.046 mmol/l (1.78 mg/dl) TC and − 0.042 mmol/l (1.62 mg/dl) LDL-C. Substituting with carbohydrate also produced significant reductions, but to a somewhat smaller extent. The mechanisms linking higher SFA to higher LDL remain to be fully elucidated but appear to involve decreased LDL receptor activity [158, 159].
The cholesterol-reducing effects were detected across a range of SFA intakes, including ones below 10% of total energy intake. According to these data, having 4 E% in the form of PUFAs rather than SFAs could translate to 10 mg/dl lower TC and 8.5 mg/dl lower LDL-C, with a somewhat smaller difference for SFAs versus MUFAs or carbohydrate. The nutrient categories included mixtures of compounds, such as monosaccharides, disaccharides, and polysaccharides in the carbohydrate category. The effects on cholesterol may vary depending on which of these are consumed, however, the included studies did not provide sufficient dietary information for analyzing such distinctions. It is noted that low-glycemic index diets have previously been found to reduce TC and LDL-C to a greater extent than high-glycemic ones [160].
It is difficult to estimate the precise and total effects of the substitutions on cardiovascular outcomes, due to the length of time it takes for cardiovascular disease to develop, differential responses (e.g., due to different initial cholesterol levels), subsets of LDLs unevenly affecting heart disease risk [161, 162], and other physiological effects of altering the fatty acid intake. Pooled data from experimental statin studies suggest that 1 mmol/l (38.67 mg/dl) LDL-C reduction corresponds to a little over 20% reduced risk of major vascular events over 4–5 years [163–165], implying a ∼5% lowered risk from reducing LDL-C by 8.5 mg/dl. While indicative of the effect of LDL-C change, the number is unlikely to represent the full and true cardiovascular influence of replacing SFAs with other nutrients. Higher SFA consumption is associated with other components of dyslipidemia (e.g., triglyceride elevation) in addition to LDL-C elevation, while certain other FAs, most notably n-3 PUFAs, show inverse protective effects [156, 166, 167]. The progressive nature of atherosclerosis also implies that the effects of lipid alterations may accrue and manifest over time.
Overall, the evidence suggests that current western cholesterol values are abnormally high from an evolutionary point of view and that lowering the levels will benefit cardiovascular health. In stark contrast to the absence or rarity of heart disease frequently reported for unacculturated traditional groups [15, 139, 145], postindustrial societies suffer at epidemic proportions. It is currently the leading cause of death worldwide [168], underscoring the importance of sound etiological understanding and effective prevention. Reducing saturated fat intake is one viable measure; however, additional interventions (e.g., weight loss, physical activity) would be required to approach ancestral standards.

Endotoxemia and inflammation
Another line of research concerns the effects of SFAs on gut microbiota and immune system activity. Repeated experiments, with different designs and food products, have linked high SFA intakes with endotoxemia and inflammation [169–174]. A single high-SFA meal elicits a response, with significantly elevated endotoxin levels [170, 171]. UFAs (particularly PUFAs) do not produce the same result [169, 170, 172, 174]. The consistency of the pattern across multiple studies suggests that it is not dependent on particular conditions but represents a true and relevant difference. Endotoxins originate from gram-negative bacteria, implying that high-SFA distorts gut microbiota composition and/or increases endotoxin absorption from the intestine. They are sensed by and activate toll-like receptor 4, inciting an inflammatory response [175, 176].
While shorter-chain SFAs such as caprylic acid (C8:0) and LA (C12:0) have antimicrobial activity, longer chain SFAs do not exhibit the same influence, and may in some instances favor the growth of opportunistic pathogens, leading some researchers to theorize that they could trigger an inflammatory response by acting as warning signals of impeding gut microbial alteration and danger [177]. In one small but noteworthy study published in the British Journal of Nutrition, the immunological effects of fatty SFA-rich modern wagyu meat was compared with that of lean low-SFA traditional kangaroo meat [178]. Interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-α), and CRP were significantly elevated postprandially to the first meal as compared to the second. While it cannot be decisively concluded that the effects were due to saturated fat, it is likely, in light of other data, that it was a significant factor.
The inflammatory effects plausibly contribute to high-SFA-induced dyslipidemia, as lipoprotein alterations are commonly seen in situations of infection and inflammation, serving a protective function, yet promoting atherosclerosis over the long term [179–181]. Inflammation is critically involved at all stages of arterial plaque development and dysfunction [176, 182], with statins likely exerting some of their effects through anti-inflammatory influence [183–185]. Another widespread issue that involves inflammatory pathways is acne vulgaris. Currently endemic in westernized societies, this aesthetically and psychologically straining skin disease is reported to have been absent among the Aché, the Inuit, the Kitavans, and the Okinawans, as well as much less common in other traditional and rural groups [18, 186]. Dietary factors are important in the pathogenesis, with PA (C16:0) emerging as a contributing factor to the inflammatory aspects [187, 188]. Other conditions that have increased dramatically in prevalence, such as diabetes and depression, also have inflammation in their pathogenesis [189–191]. In both, endotoxins are capable inducers [192–195]. Chronic inflammation is a common denominator of diseases of civilization [196–198], implicated in several different types of disorders (Fig. 4).
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Fig. 4Some diseases and issues associated with chronic inflammation. Connections are reviewed in overview articles [196–198], as well as publications on autism [199], Alzheimer’s [200], acne [187], eczema [201], atherosclerosis & thrombosis [182], fatigue [202], depression [190], arthritis & colitis [203], carcinoma & leukemia [204], miscarriages [205], impotence [206], and obesity & diabetes [189]


Limited data from traditional groups show some variation in inflammatory markers, with median CRP values ranging from 0.5 mg/l in Shuar and Kitavan forager-horticulturalists [207, 208], across values closer to or exceeding 1 mg/l in rural Ghanaians and the Hadza [136, 209], to 3 mg/l or more in the Tsimane [139, 210]. As compared to the Dutch and Swedish reference samples, the CRP levels in the Ghanaians and Kitavans were significantly lower [208, 209], while the opposite is true for the Tsimane as compared to people in the United States [210]. The high CRP in the Tsimane, yet low rates of chronic degenerative disease, suggests unique adaptation (e.g., to specific pathogen loads) and/or protective lifestyle factors (e.g., low-SFA, high-fiber diet). Elevated CRP and/or cytokine levels have been found in disorders such as obesity, prediabetes, depression, and chronic fatigue syndrome [191, 202, 211, 212], suggesting low-grade chronic inflammation among significant proportions of contemporary industrialized populations.
Inflammation is energetically costly, requiring significant nutritional support for the activated immune system, redirecting priorities and resources away from physical function and reproduction towards tissue repair and homeostatic restoration; hence, chronic activation would have constituted a significant fitness disadvantage in prehistoric times. It is contended that the installations and mechanisms that are active in inflammatory diseases, governing the immune activity, energy allocation, and behavioral effects, were principally selected for acute, short-term insults (e.g., infection, injury) [213, 214]. Resolution of chronic inflammation could have broad-spectrum effects, improving hormone (e.g., insulin) sensitivity, circulatory function, moods, energy levels, and reproductive capability, thereby unstraining health services, lowering medical costs, and increasing productive and healthy life years. It necessities describing and addressing proinflammatory aspects of modern diets and lifestyles, including alterations of the FA profile.

High-fat diets and health
Ketogenic and very-low-carbohydrate diets can produce rapid and meaningful fat loss [215, 216], and have been suggested to hold therapeutic promise for some diseases [217]. However, they do have nutritional shortcomings. As a result of severely restricting fruits, most vegetables, berries, and other plant foods, the intake and variation of dietary fibers and phytochemicals will be limited. This can result in gut microbiota depletion, oxidative stress, and impaired neuronal health [218–220]. Colonic fermentation of dietary fibers yields acetic acid (C2:0), propionic acid (C3:0), and butyric acid (C4:0), which lower the luminal pH, making it less hospitable to pathogens, contribute to mucosal health and integrity, serve as an energy substrate for the body, and act on the immune system and distant organs (e.g., the brain) [77, 221, 222]. Hence, a low fiber intake can compromise intestinal, general, and mental health through underproduction of short-chain fatty acids. The acquisition of micronutrients that are abundant in plant foods, but scarce or absent in animal products, such as magnesium and potassium, may also be compromised on a very-low-carbohydrate diet.
A high intake of acid-yielding animal source foods, coupled with a low intake of base-yielding fruits and vegetables, can distort acid-base balance [223–225]. Low-grade metabolic acidosis has been suggested to be a factor in current western disease, and in particular in bone and kidney disorders [223–225]. Additionally, ketoacidosis has been reported in certain cases of low carbohydrate, high fat dieting [226, 227], revealing a potential complication that physicians and dieticians should be aware of. Moving into athletic endeavors, exercisers are liable to experience fatigue and suboptimal performance and recovery when dietary fat is markedly elevated relative to carbohydrate, due to a lack of glycogen and glucose required for rapid and anaerobic energy metabolism [228, 229]. Some 300–700 g of glycogen can be stored in the muscles [230], serving as an important energy substrate particularly at higher training intensities. Yet, in cases of physical inactivity, dietary carbohydrate, and in particular refined carbohydrate, is more easily consumed in excess, causing elevated endogenous SFA production, fat gain, and risk of metabolic dysfunction with insulin resistance and hyperglycemia.
High-fat diets typically contain anywhere from 50 to 80% of the total calories in the form of fat, usually with a significant contribution from SFAs. This fat-enriched macronutrient profile is not consistent with the general pattern observed in naturally living foraging and horticulture populations [27, 64, 69, 83]. Populations with an unusually high intake of a macronutrient may present signs of good health and longevity; however, it is uncertain whether this is due to unique genetic adaptations, to which extent other factors are contributing, or if dietary adjustments could generate an even more favorable condition. In the Inuit and the Maasai, there have been reports of genetic selections related to lipid metabolism and regulation [231, 232], highlighting that general human nutritional adaptation can not be inferred from such groups with special food staples and nutrient intakes.
In nature, it is difficult to obtain extremely high fat concentrations, as wild animals tend to be (but are not always) lean. There is a protein ceiling, with intakes above approximately 35% resulting in toxicity [233], sometimes referred to as rabbit starvation. Plant fats are available and eaten in their natural form, as part of whole foods, as opposed to in the form of mechanically extracted oils. Nuts must first be foraged, and then deshelled, before consumed. Low to moderate fat concentrations, as opposed to the very high concentrations seen in oils and high-fat dairy and meats, is the norm. Being largely composed of energy-rich fat, a major intake of the latter foods would result in an overall lower fiber-, phytochemical-, and micronutrient density of the diet. A relatively high contribution of SFAs relative to UFAs would also tilt the dietary ratio, potentially compromising optimal UFA intake.
In particular the long-chain n-3 PUFAs are vital for brain development and function, immune homeostasis, and chronic disease prevention. This has been extensively reviewed from an evolutionary point of view by Artemis Simopoulos, with a particular emphasis on the n-6/n-3 ratio [22, 23, 234]. Partly due to the FA compositional difference between wild and domesticated meats, but more so because of increased consumption of n-6 PUFA rich processed foods and vegetable oils, current western diets contain significantly more n-6 PUFAs relative to n-3 PUFAs, as compared to ancestral natural diets, which were more balanced in the two types [22, 23, 234]. This shift is implicated in current ill-health and disease loads [22, 23, 234]. In conjunction with the elevated SFA content, it could contribute to a proinflammatory, atherogenic, and carcinogenic potential of modern red meat products. Consistent with evolutionary prediction, substitution trials have found less favorable or adverse effects when SFAs are replaced with mostly n-6 relative to n-3 PUFAs [235–237]. MUFAs like OA (C18:1), abundantly present in olive oil, nuts, and avocados, have been linked with beneficial health outcomes [238, 239]. While the cis-configuration is natural, trans FAs largely result from industrial partial hydrogenation and are widely recognized as pathogenic.
Foods with a very high fat and energy density can be less satiating than foods with a greater concentration of water, protein, and/or fiber, on a calorie-by-calorie basis [240–242]. This does not necessarily imply that fat-reduced products are superior to whole or full fat varieties, which among other things may provide more fat-soluble vitamins; however, it does suggest that significant consumption of high-fat foods could undermine the nourishing capacities of the diet and contribute to excessive energy intakes, fat gain, and obesity. Comparing contemporary western diets with ancestral natural diets, a striking contrast is the relatively higher energy density of the former, owing largely to the inclusion of food products with a very high concentration of sugar and/or fat (e.g., chocolate, potato chips, cheese, bacon). As compared to butter (744 kcal per 100 g), a food like sweet potatoes is remarkably low in calories, only providing about 80 kcal per 100 g [28]. Both inflammation and food, fat, and energy overconsumption have been linked with cognitive impairment and neurodegenerative disease [73, 200, 243–245]. This helps explain why SFA rich diets have been associated with such outcomes [246–252]. When isocaloric meals are consumed, SFA rich consumption causes cognitive impairment over and beyond that of MUFA consumption [250, 251], implying that SFA boluses are inherently more challenging for the brain. Alas, a previously adaptive propensity to seek fat and energy-richness appears a liability in dietary conditions of abundance, highlighting a need for education, communication, and intervention guiding healthy consumer choices.
The effects of SFAs on function and health will invariably depend on the amount, type, and product that is consumed, as well as factors such as microbiota and dietary composition. More research, with different interventions and participants, are required to more fully elucidate the relationships. An overview of the discussed adverse effects is provided in Fig. 5.
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Fig. 5Adverse effects associated with a high intake of saturated fat





Conclusions
The discussion and controversy regarding fat and SFAs has largely revolved around epidemiological research, which is valuable, but prone to discrepancy and bias. It can benefit from evolutionary insights. Unknowingly, Charles Darwin provided a sound basis for nutritional investigation and conversation. Through the lens of evolution, an understanding of what constitutes appropriate nutrient intake levels, matched with the naturally selected human biology, may be achieved. Ancestral human diets have varied temporally and spatially; however, systematic food and diet analyses can reveal nutritional patterns that may serve as a template for contemporary evaluations and recommendations.
High and increasing rates of diet-related dysfunction and disease highlight that nutritional changes have greatly outpaced genetic accommodation. Diet-related issues can affect fertility, but many (e.g., degenerative diseases associated with excessive and/or altered fat consumption) develop over a long time, involve a myriad of genes, manifest later in life, and have little or no impact on reproductive outcomes under recent and present conditions; hence, they are not rapidly eliminated by natural selection. Issues that are more acute and/or debilitating (e.g., indigestion of lactose) have spurred documented adaptations, but these are of a quite specific nature, not covering the range of effects novel diets and food types have on the organism. Recognizing and addressing insidious incongruences is of vital importance to public health in the 21st century.
As for SFAs, this subset of lipids has been consumed by human ancestors both recent and prehistoric. However, the densest dietary sources did not become available until fairly recently. Such products, which primarily include high-fat meat and dairy products from domesticated animals, generally contain supernormal concentrations of SFAs relative to the foods that have been consumed evolutionarily, and that are still consumed by groups practicing hunting, gathering, and horticulture. A major intake of these products distorts the FA profile of the diet; increases chronic disease risk through cholesterol elevation, inflammation, and cognitive dysfunction; and takes up space that could otherwise have been filled by more nutrient-dense and satiating foods. In advocating and designing dietary patterns, it appears prudent to prioritize foods with significant amounts of n-3 PUFAs, while restricting items with a very high n-6 PUFA or SFA content. Examples of non-SFA rich food types are seafood, avocados, olive oil, nuts, and seeds. Provided the diet contains a variety of natural whole foods, a balance between SFAs, MUFAs, and PUFAs will be attained.
For environmental and health reasons, public dietary guidelines are increasingly recommending higher plant food consumption relative to animal source foods. This necessarily entails a lower SFA intake and recommendation than if more animal-based diets were to be encouraged. The upper limit for what constitutes an acceptable SFA intake is up for debate. The evolutionary perspective offered here implies that it is in the vicinity of what is already recommended. For individuals and groups requiring and/or benefitting from caloric density, such as hard-training athletes, small children, and elders with low appetite, higher intakes of SFAs may be warranted; however, in general, a more restricted intake appears advisable.

Acknowledgements
The sole author was responsible for all aspects of this manuscript. Thank you to anonymous reviewers for valuable inputs.

Author contributions
E.G. Research, development, and writing.

Funding
No funding was received.

Data availability
No datasets were generated or analysed during the current study.

Declarations
Ethical approval
Not applicable.

Competing interests
The author declares no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by-nc-nd/​4.​0/​.

References
	1.
Souza RJd, Mente A, Maroleanu A, Cozma AI, Ha V, Kishibe T, et al. Intake of saturated and trans unsaturated fatty acids and risk of all cause mortality, cardiovascular disease, and type 2 diabetes: systematic review and meta-analysis of observational studies. BMJ: Br Med J. 2015;351:h3978.


	2.
Harcombe Z, Baker JS, Davies B. Evidence from prospective cohort studies does not support current dietary fat guidelines: a systematic review and meta-analysis. Br J Sports Med. 2017;51(24):1743–9.PubMed


	3.
Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective cohort studies evaluating the association of saturated fat with cardiovascular disease. Am J Clin Nutr. 2010;91(3):535–46.PubMed


	4.
Valk R, Hammill J, Grip J. Saturated fat: villain and bogeyman in the development of cardiovascular disease? Eur J Prev Cardiol. 2022;29(18):2312–21.PubMed


	5.
Gershuni VM. Saturated fat: part of a healthy diet. Curr Nutr Rep. 2018;7(3):85–96.


	6.
Svendsen K, Arnesen E, Retterstøl K. Saturated fat–a never ending story? Food Nutr Res. 2017;61(1):1377572.


	7.
Teicholz N. A short history of saturated fat: the making and unmaking of a scientific consensus. Curr Opin Endocrinol Diabetes Obes. 2023;30(1):65–71.PubMed


	8.
Scott C. We’re so indoctrinated that saturated fat is bad that we don’t listen to the science. The Conversation; 2015. https://​theconversation.​com/​were-so-indoctrinated-that-saturated-fat-is-bad-that-we-dont-listen-to-the-science-34993. Accessed 15 Oct 2023.


	9.
Haspel T. Don’t believe the backlash. Saturated fat actually is bad for you. The Washington Post; 2023. https://​www.​washingtonpost.​com/​food/​2023/​06/​09/​saturated-fat-nutrition-debate-settled/​. Accessed 15 Oct 2023.


	10.
Schwingshackl L, Zähringer J, Beyerbach J, Werner SS, Nagavci B, Heseker H, et al. A scoping review of current guidelines on dietary fat and fat quality. Ann Nutr Metab. 2021;77(2):65–82.


	11.
World Health Organization. Saturated fatty acid and trans-fatty acid intake for adults and children: WHO guideline summary. Geneva. World Health Organization. 2023. Report No.: 9789240083592 (electronic version) 9789240083608 (print version).


	12.
Blomhoff R, Andersen R, Arnesen EK, Christensen JJ, Eneroth H, Erkkola M, et al. Nordic Nutrition Recommendations 2023. Copenhagen; 2023.


	13.
U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 2020–2025. 2020.


	14.
Carrera-Bastos P, Fontes-Villalba M, O’Keefe JH, Lindeberg S, Cordain L. The western diet and lifestyle and diseases of civilization. Res Rep Clin Cardiol. 2011;2:15–35.


	15.
Eaton SB, Konner M, Shostak M. Stone agers in the fast lane: chronic degenerative diseases in evolutionary perspective. Am J Med. 1988;84(4):739–49.PubMed


	16.
Kopp W. How western diet and lifestyle drive the pandemic of obesity and civilization diseases. Diabetes Metab Syndr Obes. 2019;12:2221–36.


	17.
Pijl H. Obesity: evolution of a symptom of affluence. Neth J Med. 2011;69(4):159–66.PubMed


	18.
Cordain L, Lindeberg S, Hurtado M, Hill K, Eaton SB, Brand-Miller J. Acne vulgaris: a disease of Western civilization. Arch Dermatol. 2002;138(12):1584–90.


	19.
Kopp W. Significant dietary changes during human evolution and the development of cancer: from cells in trouble to cells causing trouble. J Carcinog Mutagen. 2017;8(4).


	20.
González Olmo BM, Butler MJ, Barrientos RM. Evolution of the human diet and its impact on gut microbiota, immune responses, and brain health. Nutrients. 2021;13(1).


	21.
Eaton SB. Humans, lipids and evolution. Lipids. 1992;27(10):814–20.PubMed


	22.
Simopoulos AP. Evolutionary aspects of diet, the omega-6/omega-3 ratio and genetic variation: nutritional implications for chronic diseases. Biomed Pharmacother. 2006;60(9):502–7.PubMed


	23.
Simopoulos AP. Evolutionary aspects of diet: the omega-6/omega-3 ratio and the brain. Mol Neurobiol. 2011;44(2):203–15.PubMed


	24.
Eaton SB, Eaton SB 3rd, Sinclair AJ, Cordain L, Mann NJ. Dietary intake of long-chain polyunsaturated fatty acids during the Paleolithic. World Rev Nutr Diet. 1998;83:12–23.


	25.
Eaton SB, Konner M. Paleolithic nutrition. A consideration of its nature and current implications. N Engl J Med. 1985;312(5):283–9.PubMed


	26.
Konner M, Eaton SB. Paleolithic nutrition: twenty-five years later. Nutr Clin Pract. 2010;25(6):594–602.PubMed


	27.
Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, et al. Origins and evolution of the Western diet: health implications for the 21st century. Am J Clin Nutr. 2005;81(2):341–54.PubMed


	28.
Mattilsynet. Matvaretabellen. https://​www.​matvaretabellen.​no/​. Accessed 01 Nov 2023.


	29.
Cordain L, Watkins BA, Florant GL, Kelher M, Rogers L, Li Y. Fatty acid analysis of wild ruminant tissues: evolutionary implications for reducing diet-related chronic disease. Eur J Clin Nutr. 2002;56(3):181–91.


	30.
Mann N. Dietary lean red meat and human evolution. Eur J Nutr. 2000;39(2):71–9.PubMed


	31.
Larsen CS. Animal source foods and human health during evolution. J Nutr. 2003;133(11 Suppl 2):s3893–7.


	32.
Milton K. The critical role played by animal source foods in human (Homo) evolution. J Nutr. 2003;133(11 Suppl 2):s3886–92.


	33.
Davidson B, Maciver J, Lessard E, Connors K. Meat lipid profiles: a comparison of meat from domesticated and wild southern African animals. In Vivo. 2011;25(2):197–202.


	34.
Nogoy KMC, Sun B, Shin S, Lee Y, Zi Li X, Choi SH, et al. Fatty acid composition of grain-and grass-fed beef and their nutritional value and health implication. Food Sci Anim Resour. 2022;42(1):18–33.


	35.
Olsen L, Thum E, Rohner N. Lipid metabolism in adaptation to extreme nutritional challenges. Dev Cell. 2021;56(10):1417–29.PubMed


	36.
Steiner-Bogdaszewska Ż, Tajchman K, Domaradzki P, Florek M. Composition of fatty acids in bone marrow of red deer from various ecosystems and different categories. Molecules. 2022;27(8).


	37.
Meng MS, West GC, Irving L. Fatty acid composition of caribou bone marrow. Comp Biochem Physiol. 1969;30(1):187–91.PubMed


	38.
West GC, Shaw DL. Fatty acid composition of Dall sheep bone marrow. Comp Biochem Physiol B. 1975;50(4):599–601.PubMed


	39.
Speth JD, Spielmann KA. Energy source, protein metabolism, and hunter-gatherer subsistence strategies. J Anthropol Archaeo. 1983;2(1):1–31.


	40.
Charlton S, Ramsøe A, Collins M, Craig OE, Fischer R, Alexander M, et al. New insights into Neolithic milk consumption through proteomic analysis of dental calculus. Archaeol Anthropol Sci. 2019;11(11):6183–96.


	41.
Casanova E, Knowles TDJ, Bayliss A, Roffet-Salque M, Heyd V, Pyzel J, et al. Dating the emergence of dairying by the first farmers of Central Europe using (14)C analysis of fatty acids preserved in pottery vessels. Proc Natl Acad Sci U S A. 2022;119(43):e2109325118.PubMed


	42.
Bleasdale M, Richter KK, Janzen A, Brown S, Scott A, Zech J, et al. Ancient proteins provide evidence of dairy consumption in eastern Africa. Nat Commun. 2021;12(1):632.PubMed


	43.
Forsgård RA. Lactose digestion in humans: intestinal lactase appears to be constitutive whereas the colonic microbiome is adaptable. Am J Clin Nutr. 2019;110(2):273–9.PubMed


	44.
Azcarate-Peril MA, Ritter AJ, Savaiano D, Monteagudo-Mera A, Anderson C, Magness ST, et al. Impact of short-chain galactooligosaccharides on the gut microbiome of lactose-intolerant individuals. Proc Natl Acad Sci U S A. 2017;114(3):E367–75.PubMed


	45.
Gerbault P, Liebert A, Itan Y, Powell A, Currat M, Burger J, et al. Evolution of lactase persistence: an example of human niche construction. Philos Trans R Soc Lond B Biol Sci. 2011;366(1566):863–77.PubMed


	46.
Liebert A, López S, Jones BL, Montalva N, Gerbault P, Lau W, et al. World-wide distributions of lactase persistence alleles and the complex effects of recombination and selection. Hum Genet. 2017;136(11–12):1445–53.PubMed


	47.
Melnik BC. Milk—A nutrient system of mammalian evolution promoting mTORC1-dependent translation. Int J Mol Sci. 2015;16(8):17048–87.


	48.
Melnik BC, Schmitz G, MicroRNAs. Milk’s epigenetic regulators. Best Pract Res Clin Endocrinol Metab. 2017;31(4):427–42.PubMed


	49.
Maruyama K, Oshima T, Ohyama K. Exposure to exogenous estrogen through intake of commercial milk produced from pregnant cows. Pediatr Int. 2010;52(1):33–8.PubMed


	50.
Linn JG. Factors affecting the composition of milk from dairy cows. In: Committee on Technological options to improve the nutritional attributes of animal products, editor. Designing foods: animal product options in the marketplace. Washington, D.C.: National Academies; 1988.


	51.
Golan Y, Assaraf YG. Genetic and physiological factors affecting human milk production and composition. Nutrients. 2020;12(5).


	52.
Zhang Z, Wang Y, Yang X, Cheng Y, Zhang H, Xu X, et al. Human milk lipid profiles around the world: a systematic review and meta-analysis. Adv Nutr. 2022;13(6):2519–36.


	53.
Djordjevic J, Ledina T, Baltic M, Trbovic D, Sindjic M, Bulajic S. Fatty acid profile of milk. IOP Conf Ser Earth Environ Sci. 2019;333:012057.


	54.
Jensen RG, Ferris AM, Lammi-Keefe CJ. The composition of milk fat. J Dairy Sci. 1991;74(9):3228–43.PubMed


	55.
Pădureţ S. The effect of fat content and fatty acids composition on color and textural properties of butter. Molecules. 2021;26(15).


	56.
Paszczyk B, Łuczyńska J. The comparison of fatty acid composition and lipid quality indices in hard cow, sheep, and goat cheeses. Foods. 2020;9(11).


	57.
Monsen ER, Adriaenssens L. Fatty acid composition and total lipid of cream and cream substitutes. Am J Clin Nutr. 1969;22(4):458–63.PubMed


	58.
Harika RK, Eilander A, Alssema M, Osendarp SJ, Zock PL. Intake of fatty acids in general populations worldwide does not meet dietary recommendations to prevent coronary heart disease: a systematic review of data from 40 countries. Ann Nutr Metab. 2013;63(3):229–38.PubMed


	59.
Micha R, Khatibzadeh S, Shi P, Fahimi S, Lim S, Andrews KG, et al. Global, regional, and national consumption levels of dietary fats and oils in 1990 and 2010: a systematic analysis including 266 country-specific nutrition surveys. BMJ. 2014;348:g2272.PubMed


	60.
What We Eat in America, NHANES 2017-March 2020 Prepandemic. https://​www.​ars.​usda.​gov/​northeast-area/​beltsville-md-bhnrc/​beltsville-human-nutrition-research-center/​food-surveys-research-group/​docs/​wweia-data-tables/​. Accessed 01 Nov 2023.


	61.
Eilander A, Harika RK, Zock PL. Intake and sources of dietary fatty acids in Europe: are current population intakes of fats aligned with dietary recommendations? Eur J Lipid Sci Technol. 2015;117(9):1370–7.PubMed


	62.
Hulshof KF, van Erp-Baart MA, Anttolainen M, Becker W, Church SM, Couet C, et al. Intake of fatty acids in western Europe with emphasis on trans fatty acids: the TRANSFAIR Study. Eur J Clin Nutr. 1999;53(2):143–57.


	63.
Eaton SB, Eaton SB 3rd, Konner MJ. Paleolithic nutrition revisited: a twelve-year retrospective on its nature and implications. Eur J Clin Nutr. 1997;51(4):207–16.PubMed


	64.
Konner M, Eaton SB. Hunter-gatherer diets and activity as a model for health promotion: challenges, responses, and confirmations. Evol Anthropol. 2023;32(4):206–22.PubMed


	65.
Kuipers RS, Luxwolda MF, Dijck-Brouwer DA, Eaton SB, Crawford MA, Cordain L, et al. Estimated macronutrient and fatty acid intakes from an East African Paleolithic diet. Br J Nutr. 2010;104(11):1666–87.


	66.
Eaton SB. The ancestral human diet: what was it and should it be a paradigm for contemporary nutrition? Proc Nutr Soc. 2006;65(1):1–6.PubMed


	67.
Cordain L, Gotshall RW, Eaton SB, Eaton SB 3. Physical activity, energy expenditure and fitness: an evolutionary perspective. Int J Sports Med. 1998;19(5):328–35.


	68.
Cordain L. Saturated fat consumption in ancestral human diets. In: Meskin MS, Bidlack WR, Randolph R, editors. Phytochemicals: nutrient-gene interactions. Taylor & Francis; 2006. pp. 115–26.


	69.
Crittenden AN, Schnorr SL. Current views on hunter-gatherer nutrition and the evolution of the human diet. Am J Phys Anthropol. 2017;162(Suppl 63):84–109.PubMed


	70.
Hardy K, Brand-Miller J, Brown KD, Thomas MG, Copeland L. The importance of dietary carbohydrate in human evolution. Q Rev Biol. 2015;90(3):251–68.PubMed


	71.
Marlowe FW, Berbesque JC, Wood B, Crittenden A, Porter C, Mabulla A. Honey, Hadza, hunter-gatherers, and human evolution. J Hum Evol. 2014;71:119–28.


	72.
Mattson MP. Lifelong brain health is a lifelong challenge: from evolutionary principles to empirical evidence. Ageing Res Rev. 2015;20:37–45.PubMed


	73.
Mattson MP. An evolutionary perspective on why food overconsumption impairs cognition. Trends Cogn Sci. 2019;23(3):200–12.


	74.
Song Z, Xiaoli AM, Yang F. Regulation and metabolic significance of de novo lipogenesis in adipose tissues. Nutrients. 2018;10(10).


	75.
Thompson BJ, Smith S. Biosynthesis of fatty acids by lactating human breast epithelial cells: an evaluation of the contribution to the overall composition of human milk fat. Pediatr Res. 1985;19(1):139–43.PubMed


	76.
Hachey DL, Silber GH, Wong WW, Garza C. Human lactation. II: endogenous fatty acid synthesis by the mammary gland. Pediatr Res. 1989;25(1):63–8.PubMed


	77.
van der Hee B, Wells JM. Microbial regulation of host physiology by short-chain fatty acids. Trends Microbiol. 2021;29(8):700–12.


	78.
Feraco A, Armani A, Amoah I, Guseva E, Camajani E, Gorini S, et al. Assessing gender differences in food preferences and physical activity: a population-based survey. Front Nutr. 2024;11:1348456.PubMed


	79.
Clonan A, Roberts KE, Holdsworth M. Socioeconomic and demographic drivers of red and processed meat consumption: implications for health and environmental sustainability. Proc Nutr Soc. 2016;75(3):367–73.PubMed


	80.
Prättälä R, Paalanen L, Grinberga D, Helasoja V, Kasmel A, Petkeviciene J. Gender differences in the consumption of meat, fruit and vegetables are similar in Finland and the Baltic countries. Eur J Public Health. 2007;17(5):520–5.


	81.
Berbesque JC, Marlowe FW. Sex differences in food preferences of Hadza hunter-gatherers. Evol Psychol. 2009;7(4).


	82.
Eaton SB, Pike MC, Short RV, Lee NC, Trussell J, Hatcher RA, et al. Women’s reproductive cancers in evolutionary context. Q Rev Biol. 1994;69(3):353–67.PubMed


	83.
Pontzer H, Wood BM. Effects of evolution, ecology, and economy on human diet: insights from hunter-gatherers and other small-scale societies. Annu Rev Nutr. 2021;41:363–85.


	84.
FoodData Central. U.S. Department of Agriculture, Agricultural Research Service; 2019. https://​fdc.​nal.​usda.​gov/​. Accessed 01 Nov 2023.


	85.
Ros E, Mataix J. Fatty acid composition of nuts–implications for cardiovascular health. Br J Nutr. 2006;96(Suppl 2):S29–35.PubMed


	86.
Cherian G, Holsonbake TB, Goeger MP. Fatty acid composition and egg components of specialty eggs. Poult Sci. 2002;81(1):30–3.PubMed


	87.
Polat E, Citil O, Garip M. Fatty acid composition of yolk of nine poultry species kept in their natural environment. Anim Sci Pap Rep. 2013;31:363–8.


	88.
Ozogul Y, Ozogul F, Ciçek E, Polat A, Kuley E. Fat content and fatty acid compositions of 34 marine water fish species from the Mediterranean Sea. Int J Food Sci Nutr. 2009;60(6):464–75.PubMed


	89.
Özogul Y, Özogul F, Alagoz S. Fatty acid profiles and fat contents of commercially important seawater and freshwater fish species of Turkey: a comparative study. Food Chem. 2007;103(1):217–23.


	90.
Mol S, Turan S. Comparison of proximate, fatty acid and amino acid compositions of various types of fish roes. Int J Food Prop. 2008;11(3):669–77.


	91.
Kolobe SD, Manyelo TG, Malematja E, Sebola NA, Mabelebele M. Fats and major fatty acids present in edible insects utilised as food and livestock feed. Vet Anim Sci. 2023;22:100312.PubMed


	92.
Kouřimská L, Adámková A. Nutritional and sensory quality of edible insects. NFS J. 2016;4:22–6.


	93.
Parmar TP, Kindinger A, Mathieu-Resuge M, Twining C, Shipley J, Kainz M, et al. Fatty acid composition differs between emergent aquatic and terrestrial insects—A detailed single system approach. Front Ecol Evol. 2022;10.


	94.
Orkusz A. Edible insects versus meat—Nutritional comparison: knowledge of their composition is the key to good health. Nutrients. 2021;13(4).


	95.
Czerwonka M, Białek A. Fatty acid composition of pseudocereals and seeds used as functional food ingredients. Life. 2023;13(1).


	96.
Kuhnt K, Degen C, Jaudszus A, Jahreis G. Searching for health beneficial n-3 and n-6 fatty acids in plant seeds. Eur J Lipid Sci Technol. 2012;114(2):153–60.PubMed


	97.
Günç Ergönül P, Akata I, Kalyoncu F, Ergönül B. Fatty acid compositions of six wild edible mushroom species. Sci World J. 2013;2013:163964.


	98.
Çayan F, Deveci E, Tel-Çayan G, Duru M. Chemometric approaches for the characterization of the fatty acid composition of seventeen mushroom species. Anal Lett. 2020;53:1–15.


	99.
Bajramova A, Spégel P. A comparative study of the fatty acid profile of common fruits and fruits claimed to confer health benefits. J Food Compos Anal. 2022;112:104657.


	100.
Vidrih R, Filip S, Hribar J. Content of higher fatty acids in green vegetables. Czech J Food Sci. 2009;27:125–9.


	101.
Lieberman D. The story of the human body: evolution, health, and disease. New York: Pantheon Books; 2013.


	102.
Marlowe FW, Berbesque JC. Tubers as fallback foods and their impact on Hadza hunter-gatherers. Am J Phys Anthropol. 2009;140(4):751–8.PubMed


	103.
Truswell AS. Diet and nutrition of hunter-gatherers. Ciba Found Symp. 1977;49:213–21.


	104.
Martin MA, Lassek WD, Gaulin SJ, Evans RW, Woo JG, Geraghty SR, et al. Fatty acid composition in the mature milk of Bolivian forager-horticulturalists: controlled comparisons with a US sample. Matern Child Nutr. 2012;8(3):404–18.PubMed


	105.
O’Dea K. Traditional diet and food preferences of Australian aboriginal hunter-gatherers. Philos Trans R Soc Lond B Biol Sci. 1991;334(1270):233–40.


	106.
Mancilha-Carvalho JJ, Crews DE. Lipid profiles of Yanomamo indians of Brazil. Prev Med. 1990;19(1):66–75.PubMed


	107.
Kufel-Diakowska B, Wilczyński J, Wojtal P, Sobczyk K. Mammoth hunting–impact traces on backed implements from a mammoth bone accumulation at Kraków Spadzista (southern Poland). J Archaeol Sci. 2016;65:122–33.


	108.
Germonpré M, Sablin M, Khlopachev GA, Grigorieva GV. Possible evidence of mammoth hunting during the Epigravettian at Yudinovo, Russian Plain. J Anthropol Archaeol. 2008;27(4):475–92.


	109.
Nikolskiy P, Pitulko V. Evidence from the Yana Palaeolithic site, Arctic Siberia, yields clues to the riddle of mammoth hunting. J Archaeol Sci. 2013;40(12):4189–97.


	110.
Liu L, Bestel S, Shi J, Song Y, Chen X. Paleolithic human exploitation of plant foods during the last glacial maximum in North China. Proc Natl Acad Sci U S A. 2013;110(14):5380–5.PubMed


	111.
Piperno DR, Weiss E, Holst I, Nadel D. Processing of wild cereal grains in the Upper Palaeolithic revealed by starch grain analysis. Nature. 2004;430(7000):670–3.PubMed


	112.
Revedin A, Aranguren B, Becattini R, Longo L, Marconi E, Lippi MM, et al. Thirty thousand-year-old evidence of plant food processing. Proc Natl Acad Sci U S A. 2010;107(44):18815–9.PubMed


	113.
Guil-Guerrero JL, Tikhonov A, Rodríguez-García I, Protopopov A, Grigoriev S, Ramos-Bueno RP. The fat from frozen mammals reveals sources of essential fatty acids suitable for Palaeolithic and Neolithic humans. PLoS ONE. 2014;9(1):e84480.


	114.
Platt DE, Haber M, Dagher-Kharrat MB, Douaihy B, Khazen G, Ashrafian Bonab M, et al. Mapping postglacial expansions: the peopling of Southwest Asia. Sci Rep. 2017;7:40338.


	115.
Posth C, Yu H, Ghalichi A, Rougier H, Crevecoeur I, Huang Y, et al. Palaeogenomics of upper Palaeolithic to Neolithic European hunter-gatherers. Nature. 2023;615(7950):117–26.


	116.
Ströhle A, Hahn A. Diets of modern hunter-gatherers vary substantially in their carbohydrate content depending on ecoenvironments: results from an ethnographic analysis. Nutr Res. 2011;31(6):429–35.PubMed


	117.
Bang HO, Dyerberg J, Sinclair HM. The composition of the Eskimo food in north western Greenland. Am J Clin Nutr. 1980;33(12):2657–61.PubMed


	118.
Bang HO, Dyerberg J. Lipid metabolism and ischemic heart disease in Greenland Eskimos. In: Draper HH, editor. Advances in nutritional research. Boston, MA: Springer US; 1980. pp. 1–22.


	119.
Biss K, Ho KJ, Mikkelson B, Lewis L, Taylor CB. Some unique biologic characteristics of the Masai of East Africa. N Engl J Med. 1971;284(13):694–9.PubMed


	120.
Lindeberg S, Nilsson-Ehle P, Terént A, Vessby B, Scherstén B. Cardiovascular risk factors in a Melanesian population apparently free from stroke and ischaemic heart disease: the Kitava study. J Intern Med. 1994;236(3):331–40.


	121.
Rioux V, Legrand P. Saturated fatty acids: simple molecular structures with complex cellular functions. Curr Opin Clin Nutr Metab Care. 2007;10(6):752–8.PubMed


	122.
Legrand P, Rioux V. The complex and important cellular and metabolic functions of saturated fatty acids. Lipids. 2010;45(10):941–6.PubMed


	123.
Mozaffarian D, Micha R, Wallace S. Effects on coronary heart disease of increasing polyunsaturated fat in place of saturated fat: a systematic review and meta-analysis of randomized controlled trials. PLoS Med. 2010;7(3):e1000252.PubMed


	124.
Hooper L, Martin N, Jimoh OF, Kirk C, Foster E, Abdelhamid AS. Reduction in saturated fat intake for cardiovascular disease. Cochrane Database Syst Rev. 2020;5(5):Cd011737.PubMed


	125.
Maki KC, Dicklin MR, Kirkpatrick CF. Saturated fats and cardiovascular health: current evidence and controversies. J Clin Lipidol. 2021;15(6):765–72.PubMed


	126.
Scarborough P, Rayner M, van Dis I, Norum K. Meta-analysis of effect of saturated fat intake on cardiovascular disease: overadjustment obscures true associations. Am J Clin Nutr. 2010;92(2):458–9.PubMed


	127.
Dehghan M, Mente A, Zhang X, Swaminathan S, Li W, Mohan V, et al. Associations of fats and carbohydrate intake with cardiovascular disease and mortality in 18 countries from five continents (PURE): a prospective cohort study. Lancet. 2017;390(10107):2050–62.PubMed


	128.
Chen M, Li Y, Sun Q, Pan A, Manson JE, Rexrode KM, et al. Dairy fat and risk of cardiovascular disease in 3 cohorts of US adults. Am J Clin Nutr. 2016;104(5):1209–17.PubMed


	129.
Naghshi S, Sadeghi O, Larijani B, Esmaillzadeh A. High vs. low-fat dairy and milk differently affects the risk of all-cause, CVD, and cancer death: a systematic review and dose-response meta-analysis of prospective cohort studies. Crit Rev Food Sci Nutr. 2022;62(13):3598–612.PubMed


	130.
Drouin-Chartier JP, Brassard D, Tessier-Grenier M, Côté JA, Labonté M, Desroches S, et al. Systematic review of the association between dairy product consumption and risk of cardiovascular-related clinical outcomes. Adv Nutr. 2016;7(6):1026–40.


	131.
Alexander DD, Bylsma LC, Vargas AJ, Cohen SS, Doucette A, Mohamed M, et al. Dairy consumption and CVD: a systematic review and meta-analysis. Br J Nutr. 2016;115(4):737–50.PubMed


	132.
Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al. Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, and clinical studies. A consensus statement from the European Atherosclerosis Society Consensus Panel. Eur Heart J. 2017;38(32):2459–72.PubMed


	133.
Boren J, Chapman MJ, Krauss RM, Packard CJ, Bentzon JF, Binder CJ, et al. Low-density lipoproteins cause atherosclerotic cardiovascular disease: pathophysiological, genetic, and therapeutic insights: a consensus statement from the European Atherosclerosis Society Consensus Panel. Eur Heart J. 2020;41(24):2313–30.PubMed


	134.
O’Keefe JH Jr., Cordain L, Harris WH, Moe RM, Vogel R. Optimal low-density lipoprotein is 50 to 70 mg/dl: lower is better and physiologically normal. J Am Coll Cardiol. 2004;43(11):2142–6.PubMed


	135.
O’Dea K. Cardiovascular disease risk factors in Australian aborigines. Clin Exp Pharmacol Physiol. 1991;18(2):85–8.PubMed


	136.
Raichlen DA, Pontzer H, Harris JA, Mabulla AZ, Marlowe FW, Josh Snodgrass J, et al. Physical activity patterns and biomarkers of cardiovascular disease risk in hunter-gatherers. Am J Hum Biol. 2017;29(2).


	137.
Barnicot NA, Bennett FJ, Woodburn JC, Pilkington TR, Antonis A. Blood pressure and serum cholesterol in the Hadza of Tanzania. Hum Biol. 1972;44(1):87–116.PubMed


	138.
Gurven M, Kaplan H. Longevity among hunter- gatherers: a cross-cultural examination. Popul Dev Rev. 2007;33(2):321–65.


	139.
Kaplan H, Thompson RC, Trumble BC, Wann LS, Allam AH, Beheim B, et al. Coronary atherosclerosis in indigenous South American Tsimane: a cross-sectional cohort study. Lancet. 2017;389(10080):1730–9.


	140.
Taylor CB, Ho KJ. Studies on the Masai. Am J Clin Nutr. 1971;24(11):1291–3.PubMed


	141.
Hunter JE, Zhang J, Kris-Etherton PM. Cardiovascular disease risk of dietary stearic acid compared with trans, other saturated, and unsaturated fatty acids: a systematic review. Am J Clin Nutr. 2010;91(1):46–63.PubMed


	142.
van Rooijen MA, Plat J, Blom WAM, Zock PL, Mensink RP. Dietary stearic acid and palmitic acid do not differently affect ABCA1-mediated cholesterol efflux capacity in healthy men and postmenopausal women: a randomized controlled trial. Clin Nutr. 2021;40(3):804–11.PubMed


	143.
Mensink RP, Zock PL, Kester AD, Katan MB. Effects of dietary fatty acids and carbohydrates on the ratio of serum total to HDL cholesterol and on serum lipids and apolipoproteins: a meta-analysis of 60 controlled trials. Am J Clin Nutr. 2003;77(5):1146–55.PubMed


	144.
Lindeberg S, Berntorp E, Nilsson-Ehle P, Terént A, Vessby B. Age relations of cardiovascular risk factors in a traditional Melanesian society: the Kitava Study. Am J Clin Nutr. 1997;66(4):845–52.


	145.
Lindeberg S, Lundh B. Apparent absence of stroke and ischaemic heart disease in a traditional Melanesian island: a clinical study in Kitava. J Intern Med. 1993;233(3):269–75.


	146.
Baruzzi RG, Marcopito LF, Serra ML, Souza FA, Stabile C. The Kren-Akorore: a recently contacted indigenous tribe. Ciba Found Symp. 1977;49:179–200.


	147.
Hansen JP, Hancke S, Møller-Petersen J. Atherosclerosis in native Greenlanders. An ultrasonographic investigation. Arct Med Res. 1990;49(3):151–6.


	148.
Wann LS, Narula J, Blankstein R, Thompson RC, Frohlich B, Finch CE, et al. Atherosclerosis in 16th-century Greenlandic Inuit mummies. JAMA Netw Open. 2019;2(12):e1918270.


	149.
Mann GV, Spoerry A, Gray M, Jarashow D. Atherosclerosis in the Masai. Am J Epidemiol. 1972;95(1):26–37.PubMed


	150.
Kromhout D, Menotti A, Bloemberg B, Aravanis C, Blackburn H, Buzina R, et al. Dietary saturated and trans fatty acids and cholesterol and 25-year mortality from coronary heart disease: the seven countries study. Prev Med. 1995;24(3):308–15.


	151.
Martin SS, Niles JK, Kaufman HW, Awan Z, Elgaddar O, Choi R, et al. Lipid distributions in the Global Diagnostics Network across five continents. Eur Heart J. 2023;44(25):2305–18.PubMed


	152.
NHLBI. Blood cholesterol. Causes and risk factors. 2024. https://​www.​nhlbi.​nih.​gov/​health/​blood-cholesterol/​causes. Accessed 16 June 2024.


	153.
Chiu S, Williams PT, Krauss RM. Effects of a very high saturated fat diet on LDL particles in adults with atherogenic dyslipidemia: a randomized controlled trial. PLoS One. 2017;12(2):e0170664.


	154.
Sun Y, Neelakantan N, Wu Y, Lote-Oke R, Pan A, van Dam RM. Palm oil consumption increases LDL cholesterol compared with vegetable oils low in saturated fat in a meta-analysis of clinical trials. J Nutr. 2015;145(7):1549–58.


	155.
Hodson L, Skeaff CM, Chisholm WA. The effect of replacing dietary saturated fat with polyunsaturated or monounsaturated fat on plasma lipids in free-living young adults. Eur J Clin Nutr. 2001;55(10):908–15.PubMed


	156.
Mensink RP, World Health O. Effects of saturated fatty acids on serum lipids and lipoproteins: a systematic review and regression analysis. Geneva: WHO; 2016. Report No.: 9789241565349.


	157.
Brassard D, Tessier-Grenier M, Allaire J, Rajendiran E, She Y, Ramprasath V, et al. Comparison of the impact of SFAs from cheese and butter on cardiometabolic risk factors: a randomized controlled trial. Am J Clin Nutr. 2017;105(4):800–9.PubMed


	158.
Mustad VA, Etherton TD, Cooper AD, Mastro AM, Pearson TA, Jonnalagadda SS, et al. Reducing saturated fat intake is associated with increased levels of LDL receptors on mononuclear cells in healthy men and women. J Lipid Res. 1997;38(3):459–68.PubMed


	159.
Woollett LA, Spady DK, Dietschy JM. Saturated and unsaturated fatty acids independently regulate low density lipoprotein receptor activity and production rate. J Lipid Res. 1992;33(1):77–88.PubMed


	160.
Goff LM, Cowland DE, Hooper L, Frost GS. Low glycaemic index diets and blood lipids: a systematic review and meta-analysis of randomised controlled trials. Nutr Metab Cardiovasc Dis. 2013;23(1):1–10.PubMed


	161.
Hoogeveen RC, Gaubatz JW, Sun W, Dodge RC, Crosby JR, Jiang J, et al. Small dense low-density lipoprotein-cholesterol concentrations predict risk for coronary heart disease: the Atherosclerosis Risk In Communities (ARIC) study. Arterioscler Thromb Vasc Biol. 2014;34(5):1069–77.


	162.
Ikezaki H, Lim E, Cupples LA, Liu CT, Asztalos BF, Schaefer EJ. Small dense low-density lipoprotein cholesterol is the most atherogenic lipoprotein parameter in the prospective Framingham offspring study. J Am Heart Assoc. 2021;10(5):e019140.


	163.
Mihaylova B, Emberson J, Blackwell L, Keech A, Simes J, Barnes EH, et al. The effects of lowering LDL cholesterol with statin therapy in people at low risk of vascular disease: meta-analysis of individual data from 27 randomised trials. Lancet. 2012;380(9841):581–90.PubMed


	164.
Burger PM, Dorresteijn JAN, Koudstaal S, Holtrop J, Kastelein JJP, Jukema JW, et al. Course of the effects of LDL-cholesterol reduction on cardiovascular risk over time: a meta-analysis of 60 randomized controlled trials. Atherosclerosis. 2024;396:118540.


	165.
Wang N, Woodward M, Huffman MD, Rodgers A. Compounding benefits of cholesterol-lowering therapy for the reduction of major cardiovascular events: systematic review and meta-analysis. Circ Cardiovasc Qual Outcomes. 2022;15(6):e008552.


	166.
Wang T, Zhang X, Zhou N, Shen Y, Li B, Chen BE, et al. Association between omega-3 fatty acid intake and dyslipidemia: a continuous dose-response meta-analysis of randomized controlled trials. J Am Heart Assoc. 2023;12(11):e029512.


	167.
Yanai H, Masui Y, Katsuyama H, Adachi H, Kawaguchi A, Hakoshima M, et al. An improvement of cardiovascular risk factors by omega-3 polyunsaturated fatty acids. J Clin Med Res. 2018;10(4):281–9.


	168.
WHO. The top 10 causes of death. 2020. https://​www.​who.​int/​news-room/​fact-sheets/​detail/​the-top-10-causes-of-death. Accessed 18 May 2024.


	169.
Nicholls SJ, Lundman P, Harmer JA, Cutri B, Griffiths KA, Rye KA, et al. Consumption of saturated fat impairs the anti-inflammatory properties of high-density lipoproteins and endothelial function. J Am Coll Cardiol. 2006;48(4):715–20.PubMed


	170.
Cândido TLN, da Silva LE, Tavares JF, Conti ACM, Rizzardo RAG, Gonçalves Alfenas RC. Effects of dietary fat quality on metabolic endotoxaemia: a systematic review. Br J Nutr. 2020;124(7):654–67.PubMed


	171.
Deopurkar R, Ghanim H, Friedman J, Abuaysheh S, Sia CL, Mohanty P, et al. Differential effects of cream, glucose, and orange juice on inflammation, endotoxin, and the expression of toll-like receptor-4 and suppressor of cytokine signaling-3. Diabetes Care. 2010;33(5):991–7.PubMed


	172.
Milanski M, Degasperi G, Coope A, Morari J, Denis R, Cintra DE, et al. Saturated fatty acids produce an inflammatory response predominantly through the activation of TLR4 signaling in hypothalamus: implications for the pathogenesis of obesity. J Neurosci. 2009;29(2):359–70.PubMed


	173.
Rocha DM, Bressan J, Hermsdorff HH. The role of dietary fatty acid intake in inflammatory gene expression: a critical review. Sao Paulo Med J. 2017;135(2):157–68.PubMed


	174.
Dumas JA, Bunn JY, Nickerson J, Crain KI, Ebenstein DB, Tarleton EK, et al. Dietary saturated fat and monounsaturated fat have reversible effects on brain function and the secretion of pro-inflammatory cytokines in young women. Metabolism. 2016;65(10):1582–8.PubMed


	175.
Miyake K. Endotoxin recognition molecules, toll-like receptor 4-MD-2. Semin Immunol. 2004;16(1):11–6.


	176.
Bowman JD, Surani S, Horseman MA. Endotoxin, toll-like receptor-4, and atherosclerotic heart disease. Curr Cardiol Rev. 2017;13(2):86–93.


	177.
Alcock J, Franklin ML, Kuzawa CW. Nutrient signaling: evolutionary origins of the immune-modulating effects of dietary fat. Q Rev Biol. 2012;87(3):187–223.PubMed


	178.
Arya F, Egger S, Colquhoun D, Sullivan D, Pal S, Egger G. Differences in postprandial inflammatory responses to a ‘modern’ v. traditional meat meal: a preliminary study. Br J Nutr. 2010;104(5):724–8.PubMed


	179.
Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, Feingold KR, et al. Effects of infection and inflammation on lipid and lipoprotein metabolism: mechanisms and consequences to the host. J Lipid Res. 2004;45(7):1169–96.PubMed


	180.
Feingold KR, Grunfeld C. The effect of inflammation and infection on lipids and lipoproteins. In: Feingold KR, Anawalt B, Blackman MR, Boyce A, Chrousos G, Corpas E, et al., editors. Endotext. South Dartmouth (MA): MDText.com, Inc.; 2000 (Updated 2022).


	181.
Netea MG, Demacker PN, Kullberg BJ, Boerman OC, Verschueren I, Stalenhoef AF, et al. Low-density lipoprotein receptor-deficient mice are protected against lethal endotoxemia and severe gram-negative infections. J Clin Invest. 1996;97(6):1366–72.


	182.
Alfaddagh A, Martin SS, Leucker TM, Michos ED, Blaha MJ, Lowenstein CJ, et al. Inflammation and cardiovascular disease: from mechanisms to therapeutics. Am J Prev Cardiol. 2020;4:100130.PubMed


	183.
Diamantis E, Kyriakos G, Quiles-Sanchez LV, Farmaki P, Troupis T. The anti-inflammatory effects of statins on coronary artery disease: an updated review of the literature. Curr Cardiol Rev. 2017;13(3):209–16.


	184.
Ridker PM, Cannon CP, Morrow D, Rifai N, Rose LM, McCabe CH, et al. C-reactive protein levels and outcomes after statin therapy. N Engl J Med. 2005;352(1):20–8.PubMed


	185.
Kim SW, Kang HJ, Jhon M, Kim JW, Lee JY, Walker AJ, et al. Statins and inflammation: new therapeutic opportunities in psychiatry. Front Psychiatry. 2019;10:103.


	186.
Campbell CE, Strassmann BI. The blemishes of modern society? Acne prevalence in the Dogon of Mali. Evol Med Public Health. 2016;2016(1):325–37.PubMed


	187.
Melnik BC. Linking diet to acne metabolomics, inflammation, and comedogenesis: an update. Clin Cosmet Investig Dermatol. 2015;8:371–88.PubMed


	188.
Melnik BC. Acne vulgaris: the metabolic syndrome of the pilosebaceous follicle. Clin Dermatol. 2018;36(1):29–40.


	189.
Rohm TV, Meier DT, Olefsky JM, Donath MY. Inflammation in obesity, diabetes, and related disorders. Immunity. 2022;55(1):31–55.PubMed


	190.
Miller AH, Raison CL. The role of inflammation in depression: from evolutionary imperative to modern treatment target. Nat Rev Immunol. 2016;16(1):22–34.PubMed


	191.
Osimo EF, Baxter LJ, Lewis G, Jones PB, Khandaker GM. Prevalence of low-grade inflammation in depression: a systematic review and meta-analysis of CRP levels. Psychol Med. 2019;49(12):1958–70.PubMed


	192.
Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D, et al. Metabolic endotoxemia initiates obesity and insulin resistance. Diabetes. 2007;56(7):1761–72.PubMed


	193.
Clemente-Postigo M, Oliva-Olivera W, Coin-Aragüez L, Ramos-Molina B, Giraldez-Perez RM, Lhamyani S, et al. Metabolic endotoxemia promotes adipose dysfunction and inflammation in human obesity. Am J Physiol Endocrinol Metab. 2019;316(2):E319–32.PubMed


	194.
Pussinen PJ, Havulinna AS, Lehto M, Sundvall J, Salomaa V. Endotoxemia is associated with an increased risk of incident diabetes. Diabetes Care. 2011;34(2):392–7.PubMed


	195.
Lasselin J, Lekander M, Benson S, Schedlowski M, Engler H. Sick for science: experimental endotoxemia as a translational tool to develop and test new therapies for inflammation-associated depression. Mol Psychiatry. 2021;26(8):3672–83.PubMed


	196.
Rook GA. Dahlem conference on infection, inflammation and chronic inflammatory disorders: Darwinian medicine and the ‘hygiene’ or ‘old friends’ hypothesis. Clin Exp Immunol. 2010;160(1):70–9.


	197.
Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al. Chronic inflammation in the etiology of disease across the life span. Nat Med. 2019;25(12):1822–32.PubMed


	198.
Ruiz-Núñez B, Pruimboom L, Dijck-Brouwer DA, Muskiet FA. Lifestyle and nutritional imbalances associated with Western diseases: causes and consequences of chronic systemic low-grade inflammation in an evolutionary context. J Nutr Biochem. 2013;24(7):1183–201.


	199.
Siniscalco D, Schultz S, Brigida AL, Antonucci N. Inflammation and neuro-immune dysregulations in autism spectrum disorders. Pharmaceuticals (Basel). 2018;11(2).


	200.
Kinney JW, Bemiller SM, Murtishaw AS, Leisgang AM, Salazar AM, Lamb BT. Inflammation as a central mechanism in Alzheimer’s disease. Alzheimers Dement. 2018;4:575–90.


	201.
Boguniewicz M, Leung DY. Atopic dermatitis: a disease of altered skin barrier and immune dysregulation. Immunol Rev. 2011;242(1):233–46.PubMed


	202.
Montoya JG, Holmes TH, Anderson JN, Maecker HT, Rosenberg-Hasson Y, Valencia IJ, et al. Cytokine signature associated with disease severity in chronic fatigue syndrome patients. Proc Natl Acad Sci U S A. 2017;114(34):E7150–8.PubMed


	203.
Xiang Y, Zhang M, Jiang D, Su Q, Shi J. The role of inflammation in autoimmune disease: a therapeutic target. Front Immunol. 2023;14:1267091.


	204.
Greten FR, Grivennikov SI. Inflammation and cancer: triggers, mechanisms, and consequences. Immunity. 2019;51(1):27–41.


	205.
Kwak-Kim J, Yang KM, Gilman-Sachs A. Recurrent pregnancy loss: a disease of inflammation and coagulation. J Obstet Gynaecol Res. 2009;35(4):609–22.PubMed


	206.
Liu D, Qin Z, Yi B, Xie H, Liang Y, Zhu L, et al. Inflammatory cytokine profiles in erectile dysfunction: a bidirectional Mendelian randomization. Front Immunol. 2024;15:1342658.


	207.
McDade TW, Tallman PS, Madimenos FC, Liebert MA, Cepon TJ, Sugiyama LS, et al. Analysis of variability of high sensitivity C-reactive protein in lowland Ecuador reveals no evidence of chronic low-grade inflammation. Am J Hum Biol. 2012;24(5):675–81.PubMed


	208.
Carrera-Bastos P, Fontes-Villalba M, Gurven M, Muskiet FAJ, Åkerfeldt T, Lindblad U, et al. C-reactive protein in traditional melanesians on Kitava. BMC Cardiovasc Disord. 2020;20(1):524.PubMed


	209.
Eriksson UK, van Bodegom D, May L, Boef AG, Westendorp RG. C-reactive protein levels in a traditional West-African population living in a malaria endemic area. PLoS ONE. 2013;8(7):e70076.


	210.
Gurven M, Kaplan H, Winking J, Finch C, Crimmins EM. Aging and inflammation in two epidemiological worlds. J Gerontol Biol Sci Med Sci. 2008;63(2):196–9.


	211.
Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive protein levels in overweight and obese adults. JAMA. 1999;282(22):2131–5.PubMed


	212.
Kato K, Otsuka T, Saiki Y, Kobayashi N, Nakamura T, Kon Y, et al. Association between elevated C-reactive protein levels and prediabetes in adults, particularly impaired glucose tolerance. Can J Diabetes. 2019;43(1):40–5.e2.


	213.
Straub RH. Evolutionary medicine and chronic inflammatory state–known and new concepts in pathophysiology. J Mol Med (Berl). 2012;90(5):523–34.PubMed


	214.
Straub RH, Schradin C. Chronic inflammatory systemic diseases: an evolutionary trade-off between acutely beneficial but chronically harmful programs. Evol Med Public Health. 2016;2016(1):37–51.PubMed


	215.
Choi YJ, Jeon SM, Shin S. Impact of a ketogenic diet on metabolic parameters in patients with obesity or overweight and with or without type 2 diabetes: a meta-analysis of randomized controlled trials. Nutrients. 2020;12(7).


	216.
Bueno NB, de Melo IS, de Oliveira SL, da Rocha Ataide T. Very-low-carbohydrate ketogenic diet v. lowfat diet for long-term weight loss: a meta-analysis of randomised controlled trials. Br J Nutr. 2013;110(7):1178–87.PubMed


	217.
Zhu H, Bi D, Zhang Y, Kong C, Du J, Wu X, et al. Ketogenic diet for human diseases: the underlying mechanisms and potential for clinical implementations. Signal Transduct Target Ther. 2022;7(1):11.PubMed


	218.
Sonnenburg ED, Smits SA, Tikhonov M, Higginbottom SK, Wingreen NS, Sonnenburg JL. Diet-induced extinctions in the gut microbiota compound over generations. Nature. 2016;529(7585):212–5.PubMed


	219.
Guan ZW, Yu EZ, Feng Q. Soluble dietary fiber, one of the most important nutrients for the gut microbiota. Molecules. 2021;26(22).


	220.
Mattson MP. Challenging oneself intermittently to improve health. Dose Response. 2014;12(4):600–18.PubMed


	221.
Boets E, Gomand SV, Deroover L, Preston T, Vermeulen K, De Preter V, et al. Systemic availability and metabolism of colonic-derived short-chain fatty acids in healthy subjects: a stable isotope study. J Physiol. 2017;595(2):541–55.PubMed


	222.
O’Riordan KJ, Collins MK, Moloney GM, Knox EG, Aburto MR, Fülling C, et al. Short chain fatty acids: microbial metabolites for gut-brain axis signalling. Mol Cell Endocrinol. 2022;546:111572.


	223.
Frassetto L, Morris RC Jr., Sellmeyer DE, Todd K, Sebastian A. Diet, evolution and aging–the pathophysiologic effects of the post-agricultural inversion of the potassium-to-sodium and base-to-chloride ratios in the human diet. Eur J Nutr. 2001;40(5):200–13.


	224.
Scialla JJ, Anderson CA. Dietary acid load: a novel nutritional target in chronic kidney disease? Adv Chronic Kidney Dis. 2013;20(2):141–9.PubMed


	225.
Frassetto L, Remer T, Banerjee T. Dietary contributions to metabolic acidosis. Adv Chronic Kidney Dis. 2022;29(4):373–80.


	226.
Ullah W, Hamid M, Mohammad Ammar Abdullah H, Ur Rashid M, Inayat F. Another “D” in MUDPILES? A review of diet-associated nondiabetic ketoacidosis. J Investig Med High Impact Case Rep. 2018;6:2324709618796261.


	227.
Shah P, Isley WL. Ketoacidosis during a low-carbohydrate diet. N Engl J Med. 2006;354(1):97–8.PubMed


	228.
Hargreaves M, Spriet LL. Skeletal muscle energy metabolism during exercise. Nat Metab. 2020;2(9):817–28.PubMed


	229.
Burke LM, Hawley JA, Wong SH, Jeukendrup AE. Carbohydrates for training and competition. J Sports Sci. 2011;29(Suppl 1):S17–27.PubMed


	230.
Murray B, Rosenbloom C. Fundamentals of glycogen metabolism for coaches and athletes. Nutr Rev. 2018;76(4):243–59.PubMed


	231.
Fumagalli M, Moltke I, Grarup N, Racimo F, Bjerregaard P, Jørgensen ME, et al. Greenlandic Inuit show genetic signatures of diet and climate adaptation. Science. 2015;349(6254):1343–7.PubMed


	232.
Wagh K, Bhatia A, Alexe G, Reddy A, Ravikumar V, Seiler M, et al. Lactase persistence and lipid pathway selection in the Maasai. PLoS One. 2012;7(9):e44751.PubMed


	233.
Bilsborough S, Mann N. A review of issues of dietary protein intake in humans. Int J Sport Nutr Exerc Metab. 2006;16(2):129–52.PubMed


	234.
Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty acids. Biomed Pharmacother. 2002;56(8):365–79.PubMed


	235.
Ramsden CE, Hibbeln JR, Majchrzak SF, Davis JM. n-6 fatty acid-specific and mixed polyunsaturate dietary interventions have different effects on CHD risk: a meta-analysis of randomised controlled trials. Br J Nutr. 2010;104(11):1586–600.PubMed


	236.
Hamley S. The effect of replacing saturated fat with mostly n-6 polyunsaturated fat on coronary heart disease: a meta-analysis of randomised controlled trials. Nutr J. 2017;16(1):30.PubMed


	237.
Ramsden CE, Zamora D, Leelarthaepin B, Majchrzak-Hong SF, Faurot KR, Suchindran CM, et al. Use of dietary linoleic acid for secondary prevention of coronary heart disease and death: evaluation of recovered data from the Sydney Diet Heart Study and updated meta-analysis. BMJ. 2013;346:e8707.PubMed


	238.
Santa-María C, López-Enríquez S, Montserrat-de la Paz S, Geniz I, Reyes-Quiroz ME, Moreno M, et al. Update on anti-inflammatory molecular mechanisms induced by oleic acid. Nutrients. 2023;15(1).


	239.
Perdomo L, Beneit N, Otero YF, Escribano Ó, Díaz-Castroverde S, Gómez-Hernández A, et al. Protective role of oleic acid against cardiovascular insulin resistance and in the early and late cellular atherosclerotic process. Cardiovasc Diabetol. 2015;14:75.PubMed


	240.
Holt SH, Miller JC, Petocz P, Farmakalidis E. A satiety index of common foods. Eur J Clin Nutr. 1995;49(9):675–90.PubMed


	241.
Bell EA, Castellanos VH, Pelkman CL, Thorwart ML, Rolls BJ. Energy density of foods affects energy intake in normal-weight women. Am J Clin Nutr. 1998;67(3):412–20.PubMed


	242.
Bell EA, Rolls BJ. Energy density of foods affects energy intake across multiple levels of fat content in lean and obese women. Am J Clin Nutr. 2001;73(6):1010–8.PubMed


	243.
Amor S, Puentes F, van der Baker D. Inflammation in neurodegenerative diseases. Immunology. 2010;129(2):154–69.PubMed


	244.
Sharma S. High fat diet and its effects on cognitive health: alterations of neuronal and vascular components of brain. Physiol Behav. 2021;240:113528.PubMed


	245.
Freeman LR, Haley-Zitlin V, Rosenberger DS, Granholm AC. Damaging effects of a high-fat diet to the brain and cognition: a review of proposed mechanisms. Nutr Neurosci. 2014;17(6):241–51.PubMed


	246.
Cao GY, Li M, Han L, Tayie F, Yao SS, Huang Z, et al. Dietary fat intake and cognitive function among older populations: a systematic review and meta-analysis. J Prev Alzheimers Dis. 2019;6(3):204–11.


	247.
Barnard ND, Bunner AE, Agarwal U. Saturated and trans fats and dementia: a systematic review. Neurobiol Aging. 2014;35(Suppl 2):S65–73.


	248.
Wu A, Molteni R, Ying Z, Gomez-Pinilla F. A saturated-fat diet aggravates the outcome of traumatic brain injury on hippocampal plasticity and cognitive function by reducing brain-derived neurotrophic factor. Neuroscience. 2003;119(2):365–75.PubMed


	249.
Kalmijn S, van Boxtel MP, Ocké M, Verschuren WM, Kromhout D, Launer LJ. Dietary intake of fatty acids and fish in relation to cognitive performance at middle age. Neurology. 2004;62(2):275–80.PubMed


	250.
Ruegsegger GN, Rappaport CI, Hill JJ, Jochum KA, Challeen ES, Roth MC. A meal enriched in saturated fat acutely impairs cognitive performance in obese men. Physiol Behav. 2022;244:113664.PubMed


	251.
Madison AA, Belury MA, Andridge R, Shrout MR, Renna ME, Malarkey WB, et al. Afternoon distraction: a high-saturated-fat meal and endotoxemia impact postmeal attention in a randomized crossover trial. Am J Clin Nutr. 2020;111(6):1150–8.PubMed


	252.
Greenwood CE, Winocur G. Learning and memory impairment in rats fed a high saturated fat diet. Behav Neural Biol. 1990;53(1):74–87.PubMed




Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Saturated fat in an evolutionary context


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12944_2024_2399_Fig5_HTML.png
Impaired cognitive function ‘ Excessive energy intake

[ Endotoxemia and inflammation ]

N

| Increased LDL cholesterol

J






OEBPS/images/12944_2024_2399_Tab2_HTML.png
Food

Dairy
(including
light
products)
Meats
(domestic)
Meats (wild)

Seafood
Eggs
Insects
Qils

Nuts
Seeds

Legumes
Cereal grains
Fruits
(including
berries)
Vegetables
Honey
Mushrooms

SFA content
Medium

High

Adipose
tissue

Coconut

MUFA content
Medium

High

Marrow

Peanuts

Olives
and
avocado

PUFA content SFA/MUFA ratio

Low Medium High >1 <1
Brain
tissue

Coconut
and palm
oils

Soybeans

N/A

SFA/PUFA ratio
>1 <1
Coconut
and palm
oils
N/A





OEBPS/images/12944_2024_2399_Fig1_HTML.png
Saturated fat (g per 100g)

Saturated fat (% of total fat)

100

90

80

70

60

50

40

30

20

10

100

90

80

70

60

50

40

30

20

10

Butter Ghee Sour cream Cheese Coconutoil Coconut  Palm oil Cocoa Chocolate  Bacon Ground Steak Liver Marrow Brain
(Full fat) (Roquefort) butter (Swine) beef (Elk) (Reindeer) (Deer)* (Antelope)*

Butter Ghee Sour cream Cheese Coconutoil Coconut  Palm oil Cocoa Chocolate  Bacon Ground Steak Liver Marrow Brain
(Full fat) (Roquefort) butter (Swine) beef (Elk)  (Reindeer) (Deer)* (Antelope)*





OEBPS/images/12944_2024_2399_Fig3_HTML.png
mg/dl

[] Total cholesterol [] LDL cholesterol

250
200
150

100

“ ]

Hunter-gatherer Preindustrial Western





OEBPS/css/envelope.png





OEBPS/images/12944_2024_2399_Fig4_HTML.png
Metabolic

disorders
(e.g., obesity,
diabetes)
Reproductive Neurological
disorders % disorders §
(e.g., miscarriages, (e.g., autism,
impotence) Alzheimer's)
Neoplastic Skin
disorders {7} . disorders 272
lers 1% —  Inflammation —
(e.g., carcinoma, I (e.g., acne,
leukemia) & eczema)
Autoimmune Cadiovascular g
disorders \7\_‘ﬂ disorders go
(e.g., arthritis, ‘ (e.g., atherosclerosis,
colitis) thrombosis)
Psychiatric

disorders F.
(e.g., fatigue, X

depression)





OEBPS/css/sidebar.gif





OEBPS/css/cc-by-nc-nd.png
(OO





OEBPS/images/12944_2024_2399_Fig2_HTML.png
Dietary intake of
short-long chain
SFAs

S C
v Mammary

synthesis from
- glucose and

Colonic
fermentation of /\’\/\/\M
dietary fiber

S“i ;iéi‘:.’nsg”n‘ii‘é?u‘?:_
ohain SFAs Tota l S FA long chain SFAs
pool
N\/\/\/\/\/\/k‘

(%) /

Hepatic QL / Adipocytic
synthesis from /  synthesis from
glucose and [ glucose and
other substates other substrates
yielding long- yielding long-

chain SFAs chain SFAs





